Summary: The rat liver was fixed with microwave (MW) fixation technique using a domestic microwave oven and glutamate dehydrogenase (GDH) was immunostained in the liver. The structure of liver was well preserved and formation of artificial vacuoles was hardly recognizable in the cytoplasm of liver cells when 2% paraformaldehyde containing 10% glucose and 0.025% CaCl2 was employed for a fixative and continuous MW irradiation was carried out for 30 sec. Granulated immunoreaction products of GDH were present in the cytoplasm of the liver cells and Kuppfer cells. The intensity of the reaction was almost homogeneous among the cells. On the other hand, when the tissue was fixed with immersion fixation method, a diffuse reaction was seen in the cytoplasm of liver cells and intensity of the immunostaining was heterogeneous among the cells; the liver cells in zone 2 showed weaker reaction than those in zone 1 and 3. Immunoelectron microscopy revealed that GDH was located in the mitochondrial matrix along the inner membrane including cristal membrane.
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Since Mayer(10) introduced the MW irradiation method for the tissue fixation, it has been applied in many fields of basic medicine such as histology, embryology, immunohistochemistry, clinical pathology (1-3, 7-9, 11, 13, 16) . MW irradiation fixation is thought to be an excellent method for immunohistochemistry because of preserving good tissue structure and macromolecules of the tissue based on the rapid fixation effect. MW irradiation fixation provided a good cytological detail in most tissues such as kidney (1, 17) , pancreas (8, 12) , stomach (3), skin (9) , and intestine (15) . However it has been difficult to obtain the well-fixed liver tissue using MW irradiation although the liver is a key organ for life. Yasuda et al. (17) and Mizuhira et al. (11) have reported that the foi mation of many vacuoles was observed in the cytoplasm of hepatocytes fixed with the MW irradiation technique. In this study, we examined the suitable and reproducible MW fixation condition for morphological and immunohistochemical studies in the rat liver, taking GDH as a model sample. GDH is a key enzyme in amino acid metabolism in the liver (18, 21) and a useful marker for diagnosis of liver diseases (19) . However, only few immunohistochemical studies of GDH have been carried out in the rat liver (4).
Material and Methods
Wistar rats were anesthetized with chloroform followed by resection of the liver. The tissue were quickly cut into small pieces in the fixatives described below, and put into a small glass plate containing 10 ml cold fixatives (1-2°C). After MW irradiation the tissue blocks were washed with phosphate buffered saline (PBS), dehydrated with ethanol and cleared with xylene , and then embedded in paraffin. About 5 [im thick sections were prepared for the staining of hernatoxylin and eosin for a morphological study, and ABC method for the immunohistochemistry of GDH at the level of light microscopy. For controls, small blocks of liver were immersion fixed with in the respective fixatives. Co., Osaka) furnished with a temperature sensor was used, operating at 2450 MHz with heat setting at 500 Watts output. About 300 ml water in a 500 ml beaker was placed in a corner of the chamber. The tissue blocks immersed in 10 ml of the cold fixatives (1-2°C) in a small glass plate were irradiated by the following manner.
1) Continuous MW irradiation for 10 sec, 20 sec or 30 sec.
2) Interval MW irradiation for total 60 sec; 3 sec, 5 sec and 10 sec irradiation at each 10 sec interval.
3) After continuous 30 sec MW irradiation, the tissue blocks were left in the same fixatives for 30 min.
The temperature of fixative was measured at the bottom of the container with a sensor just after the irradiation.
immunohistochemistry for Light Microscopy
Paraffin sections were incubated with 1% bovine serum albumin (BSA) fraction V in PBS for 1 hr and then with anti-rat GDH rabbit serum (Advance Co., Japan), diluted with 1000 fold with 1% BSA/PBS, overnight at 4°C. Then the sections were washed with PBS and treated with biotinylated anti-rabbit antibody and subsequently with ABC complex (14) using a Vectastain ABC kit (Vector Laboratories, Inc., Burlingame. CA). Finally diamino benzidine reaction was carried out. Some sections were counterstained with hematoxylin. For the control study the first antibody was omitted, or normal rabbit serum diluted 1000 fold with 1% BSA/PBS was used in place of the first antibody.
Immunoelectron Microscopy
Small blocks of liver tissue were fixed with 30 sec continuous MW irradiation followed by immersion fixation for 30 min in the 2% PFA in 0.1 M cacodylate buffer contained 10% glucose and 0.025% CaC12. They were then washed with 7% sucrose/PBS overnight with gentle shaking at 4°C, and with 0.1 M maleate buffer (pH 6.5) with 3.5% sucrose for 1 hr. They were treated with 2% uranyl acetate /0.1 M maleate buffer, (pH 6.2) at 0°C according to the method of Berryman and Rodewall (20) . Then they were dehydrated in a graded acetone series at -20°C and embedded in lowicryl K4M resin (Polysciences, Inc. , Warrington, PA) at -20°C. Ultrathin sections were prepared and mounted on 200-mesh nickel grids. The sections were treated with 1% BSA/PBS for 1 hr at room temperature. They were then incubated with anti-rat GDH anti-serum (1:1000) for 2 hr at room temperature, washed with PBS, subsequently incubated with anti-rabbit IgG labeled immunogold (5 nm; Amersham International, UK) for 30 min at room temperature; the colloidal gold solution was diluted 10-fold with 1% BSA/PBS.
After washing with PBS, the sections were fixed with 2.5% glutaraldehyde/PBS for 15 min, then washed with distilled water, and electron stained with uranyl acetate and lead citrate. They were examined under a transmission electron microscope (JEOL 100CX) at 80 kV.
Results

Histological observations
The continuous MW irradiation for 10 sec or 20 sec, 3 or 5 sec interval irradiation, yielded insufficient fixation of rat liver at the light microscopic level. Immersion fixation also exhibited poor structural preservation (Fig. la) . The parenchymal cell plates were disordered and sinusoids were enlarged. Many vacuoles were observed in the cytoplasm of the cells. The structure of the liver was well preserved in the 30 sec continuous MW irradiation group and the 10 sec interval irradiation group. After continuous 30 sec MW irradiation and further immersion fixation in the same fixative for 30 min provided the best morphology of the rat liver (Fig. lb) . The central vein, bile canaliculi, and liver cell plates are all in good arrangement and blood cells could be clearly seen in the sinusoid. Two percent of PFA was better fixative for not only morphology but also immunohistochemistry of GDH than 4 or 8% PFA solution. Addition of PEG 1500 showed almost the same effect on the conservation of liver structure as glucose. Continuous 30 sec MW irradiation in 2% PFA with 10% glucose and 0.025% CaC12 also revealed well preserved cell organelles of liver cells under electron microscope.
lmmunohistochemical observations
Continuous MW irradiation (30 sec) in 2% PFA containing 10% glucose and 0.025% CaCl2 followed by immersion fixation for 30 min in the same fixative was empolyed for immunohistochemistry of GDH. Addition of PEG 1500 reduced the intensity of GDH immunoreaction. In the liver, GDH immunoreaction was observed in all parenchymal cells. The intensity of the reaction was almost homogeneous in the liver tissue without remarkable differences among the 3 zones (Fig. 2b) . Granular immunoreaction was seen in the cytoplasm of liver cells (Fig. 3) . In the conventional immersion fixation method, the intensity of GDH immunoreaction was heterogeneously, i.e., the immunostaining was stronger in zone 1 and zone 3 than that in zone 2 (Fig. 2a) the electron microscope, immunogold particles showing the localization of GDH were mainly distributed in the matrix of mitochondria along the inner membrane and the cristated membrane (Fig. 4) .
Discussion
Many investigators have reported that it is difficult to fix the liver well with the MW irradiation fixation technique (11, 17) . In order to establish a suitable fixation of liver using MW irradiation fixation, different kinds of fixatives and MW irradiation conditions were examined in the present study. Our result indicated that 2% PFA containing 10% glucose and 0.025% CaCl2 was an effective fixative and continuous 30 sec MW irradiation followed by 30 min immersion fixation in the same fixative was suitable for the conservation of good structure of liver and GDH antigenicity in the liver. Our data suggested that insufficient fixation causes a formation of artificial vacuoles in the cytoplasm of liver cells. One of the reason of vacuolation in the cytoplasm may be due to the outflow of glycogen from cytoplasm, reported by Mizuhira et al. (11) and Yasuda et al. (17) . They added glucose to the fixatives to prevent outflow of glycogen. The present study also revealed that addition of glucose to the fixative was effective for the preservation of morphology of liver. Temperature of fixatives during the MW irradiation fixation seems to be one of the important factors, because many vacuoles were observed in the cytoplasm when the temperature of the fixatives did not reach to 45-60°C. Moreover, 2% PFA was better than 4 or 8% PFA for the preservation of both tissue structure and GDH immunoreaction. Lower concentration of PFA should easily penetrate into the central portion of the tissue.
Lamers et al. (6) reported that GDH is present in higher concentration in the zone 1 and 3 than in the zone 2 in rat liver. However, in the liver fixed with MW irradiation, GDH immunoreaction was almost homogeneous among the 3 zones; i.e., every zone showed the same intensity of immunostaining. The liver fixed with immersion fixation in this study yielded almost the same result of Lamers et al. In addition, GDH was localized with a granular pattern in the cytoplasm of liver cells fixed with MW irradiation, whereas immersion fixation indicated a diffuse immunostaining in the cytoplasm. Immunoelectron microscopy demonstrated that GDH was located in the matrix of mitochondria along the inner membrane and cristated membrane. This result is almost in agreement with that reported by Lamers et al. (6) and Knecht et al. (4) . Koh et al. (5) reported that MW irradiation fixation also yielded the granular localization pattern of immunostaining of branchedchain amino acid transferase in the cytoplasm of liver cells, although immersion fixation method showed faint and diffuse reaction in the cytoplasm of parenchymal cells; localization of the enzyme in the mitochondria was confirmed with immunoelectron microscopy. In the immersion fixation method, the fixatives penetrate into the tissue from peripheral to central region gradually and probably penetrate through large veins such as interlobular and central veins so that the zone 1 and zone 3 are fixed well compared with the zone 2. Therefore, it is conceivable that weak immunostaining of GDH in zone 2 is due to insufficient fixation of the enzyme. On the other hand, by MW irradiation the fixatives rapidly penetrate into the tissues and all area of tissues should be almost evenly fixed in a short time. 
